An attempt has been made to obtain information about the condition of the pulp of teeth, immediately below the bony incision, made in the lateral antral wall in radical antrotomy, and to investigate the conditions obtaining in the vascular supply of that neighbourhood.
By CECIL STRONG.
ABSTRACT.-An attempt has been made to obtain information about the condition of the pulp of teeth, immediately below the bony incision, made in the lateral antral wall in radical antrotomy, and to investigate the conditions obtaining in the vascular supply of that neighbourhood.
The investigation has two parts: (1) Experimental; (2) Clinical. Experimental.-(a) Injections of specimens of the superior maxillne were made with lipiodol, then X-rayed. These showed vascular anastomoses along the antral floor.
(b) Sections of the lateral antral wall and floor were cut and stained to show nerves and blood spaces.
(c) The external carotid artery was injected with Prussian Blue and the maxilla then removed.
(d) Transverse sections of the teeth denervated were cut and their pulps.examined. Clinical.-The patients who had been submitted to operation were taken, and their teeth exarnined by:
(a) Transillumination. (b) Percussion. (c) Thermal tests. (d) Faradic currents. (e) Radiography. From these investigations it appears that the teeth are denervated but not devitalized by the trauma to the lateral antral wall above their apices. Their bloodsupply is still present, and probably comes through a collateral anastomosis, along the antral floor and partly through the antral mucosa.
THIS short paper represents a research into the condition of the teeth after the operation of radical antrotomy, as some uncertainty has existed as to whether the teeth:
(1) Recover their sensation: (2) remain insensitive, or (3) are dead, and therefore subject to increased risk of caries, periodontal disease and apical abscess.
The upper teeth are supplied by the maxillary division of the fifth nerve, and the channels in the antral wall which accommodate such nerves are said to be injured by the operation of radical antrotomy. The teeth below the bony incision are said to be devitalized by this procedure, and it is in order to test the accuracy of this statement that this investigation has been undertaken, because if this is not so a grave objection to this operation disappears. The investigation is divided into two parts (1) A clinical examination of the patients' teeth in thirty-three cases after this operation.
(2) Determining where the nerve canals run to individual teeth, and the vascular supply to these teeth.
Clinical.-When the upper teeth of these patients are examined at periods varying from four days to three years after operation, certain members of the series are found to be anasthetic. Usually these teeth are the first and second premolars and the first molar.
The methods of testing used were: (1) Application of cold by means of ice;
(2) application of heat by a hot instrument; (3) stimulation with a weak Faradic current ; (4) percussion.
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The first of these methods was found to be the most reliable. The patient failed to appreciate the cold even after some thirty seconds' exposure. In all cases examined, there was this anwesthesia in at least one tooth, and sometimes in three teeth. The striking fact abouit these teeth is that, were it not for this test they would have been passed as normal. Their enamel was not discoloured, the gum was not retracted, and they showed no sign that there was anything wrong with them. It was this fact which caused the doubt as to whether they were really dead teeth, as certain colleagues would have us believe.
The number of teeth which suffer depends upon the size and position of the antral opening, and it will be seen from the skiagram that quite a small opening will cause the loss of sensation in one tooth only. In a case of bilateral antral polypi, different sized openings were made on the two sides, and the affected teeth ascertained. The small opening affected one tooth, and the large three teeth. This lack of sensibility in the teeth appears to be permanent. They remain anaesthetic.
Two facts also should be noted:
(1) They show no X-ray change.
(2) On transillumination they do not show that opacity which characterizes dead teeth and signifies a change in the enamel.
In view of the small changes noticeable in these teeth, is it not possible that they have been denervated by the operation but Dot necessarily devitalized? If their blood-supply has been impaired by the operation, has there not been a collateral circulation established, and are they not in fact still living ?
It is with these questions in view that the second part of the investigation was carried out, an attempt to determine the vascular channels subservient to these teeth.
Techntqute. A series of superior maxillary bones were taken, the teeth were extracted, and a small hollow needle was inserted into the sockets. Through this lipiodol was injected, and the specimen was examined by X-rays ( fig. 1 ).
On examination the various radiographs suggested the following facts:
(1) That the arteries to the teeth were not end vessels, and that along the upper border of the alveolus beneath the antral floor, and in the lateral antral wall, there are a series of anastomosing vessels, and that portion of the bone contains a vascular plexus ( fig. 2 ).
(2) That it is possible by injection of one tooth-socket to inject the canals subservient to several teeth (fig. 5).
(3) That the canals to the central and lateral incisors run on the anterior wall of the superior maxilla ( fig. 3 ).
(4) That the infra-orbital artery gives a series of descending vessels in an irregular and somewhat stellate manner ( fig. 4 ).
(5) The lipiodol enters the antrum. On examination of the superior maxilla, it will be seen that the dental canals in the lower half of the bone become hemicanals in the upper part of their course. That is, they are grooves in the lateral antral wall, and the vessels which occupy them are sources of nutrition both to the teeth and the antral mucosa. They form in this region what may be called an antro-dental plexus (figs. 4, 5 and 6).
Microscopic sections of this region were prepared, and in the sections submitted some of the distal nerves and vessels are shown to be occupying this position (fig. 7 ).
The second specimen shows that these canals are less numerous after the teeth have been extracted, thus helping to prove that the lower half of these vessels are the true dental supply ( fig. 8 ). If the superior maxilla be examined carefully from its alveolar aspect, it will be seen to be composed of spongy bone, and the tooth-sockets set amid a whole series of minute apertures. Doubtless in life many of these are filled with fibrous tissue and marrow, but the suggestion here entertained is that in addition to the anastomosis of vessels in the antral mucosa there is also an anastomosis in the bone. If this be so it will serve as an explanation why these teeth apparently do not show those changes which are so evident after a short time in those cases where they have been deprived of their blood supply. 
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A series of sections of the outer bony wall of the antrum were taken, decalcified and stained, The antral mucosa was left in situ. On examinations of the specimens the following facts were suggested:-(1) That at the lower border of the outer antral wall there are a series of anastomosing vessels which communicate very freely with one another. These are in the supra-alveolar region (fig. 7) .
(2) The antral submucosa dips at intervals into the bony wall, and there again vessels anastomose ( fig. 8) .
(3) These vessels are probably subservient to the teeth, as after the teeth have been removed, they apparently disappear.
(4) The size of these vessels is such that a collateral circulation could be established more than sufficient to keep a tooth alive.
(5) The dental nerves run in bundles and do not ramify in with the vessels. There appears to be a vascular plexus, not a Dervous one (fig. 9 ). FIG. 11. -The dentine and the odontoblast layer of the pulp (same pulp). teeth were examined and the two upper premolars were found to be ane3sthetic. This case was carefully watched and at the end of six weeks there was no change in the gum which was not retracted, and the teeth showed no other sign or symptom except that they were insensitive. With the patient's permission, for purely experimental reasons, one of these teeth was extracted; the socket bled freely. The tooth was placed in formalin and after fixation the dentine and enamel were ground down until the pulp chamber walls were about one millimetre thick. The specimen was then decalcified and after embedding in paraffin serial transverse sections were cut and stained. The examination of these showed (1) Normal blood-vessels containing corpuscles ( fig. 10). (2) Normal pulp matrix ( fig. 11). (3) Normal layer of odontoblasts ( fig. 11 ).
From a systematic search of the sections it was impossible to find any areas of degeneration, with the single exception of a few nerve filaments, which were known to have been cut. From the appearance of this pulp I put forward the suggestion that the operation of radical antrotomy denervates one or two teeth, but the pulp still retains its vascular supply, and from careful scrutiny of thirty-three cases it appears to me that these teethi are no more liable to dental disease than are their neighbours, whose nerve supply has been retained. It is conceivable that when caries attacks these teeth, its progress will be more insidious than in a normal tooth, as the patient's attention is not drawn to it by pain.
Most of the operations of this series have been carried out by the President, by wbose permission and help this paper has been prepared.
The radiography has been carried out by Dr. Harold Black, the section-cutting and staining by the Pathological Department of the University, and the photography by the Department of Physiology of the Birmingham University.
Discussion.-The PRESIDENT said that Mr. Strong's interesting piece of research, though limited to a small area, was complete in itself. He had conclusively shown that teeth known to be insensitive were not dead, but remained living. F. N. DOUBLEDAY said he was sure that to those members of the Section of Odontology who happened to be present, the paper would prove very interesting. He thought that, in the mnain, it confirmed the textbook description of the blood and nerve supply of the antrum.
In the Gordon AMuseum at Guy's Hospital there were beautiful specimens in wax, illustrating these points-made by John Towne, in the early part of the nineteenth century. The histological sections brought out two points. From the dental standpoint one would have thought that as much degeneration had taken place in that pulp as was likely in a patient of that age before the tooth was removed. The paper brought out the connexion of the blood supply and the lymph spaces of the antrum and the teeth, and indicated how easily infection might pass fromn the tooth or periodontal membrane through to the antrum, or in the reverse direction.
W. STUART-LOW said that this was an important piece of research. He (the speaker) had always thoroughly removed the lining of the antrum. If there were polypi they could be cleared out thoroughly with the lining from which they grew, otherwise there would be recurrence. Mr. Strong's research had shown that this could be done with impunity.
W. ARCHER HODGSON asked whether the fact that the tooth had lost its nerve-supply increased the risk of the pulp degenerating, and becoming infected eventually.
CECIL STRONG (in reply) said that the first question he set himself to answer was: Was there any blood supply to the tooth? The answer to that was Yes. The next question was: Was that blood supply sufficient to keep the tooth alive? The answer to that was Yes also.
Then came the factor of the nerve supply. Whether there was any effect in that respect he did not know.
His remarks did not include Denker's operation. He did not know whether the operation caused the pulp to degenerate. He was not a firm believer in the trophic impulses; he thought they originated in limbs which had become denervated, and became to some extent degenerated. That was the degeneration of disuse. What was the use of the fifth nerve if the odontoblast was the receptor for the fifth nerve ? He doubted whether section of the nerve, with the vascular supply left as it was, would cause the pulp to degenerate. He could not, however, answer that; he would have to examine more pulps some years afterwards. Another point concerned the operation on the gasserian ganglion. Cutting the posterior root of the fifth nerve denervated sixteen teeth. A neurological surgeon told him he had never noticed changes in the teeth after that operation, though he had watched these cases for five or six years afterwards. Those teeth were denervated by cutting the peripheral axon, just as much as teeth were denervated by cutting the nerve immediately above the apex. He (the speaker) would extract a tooth from a patient who had undergone a gasserian ganglion operation, and see the result.
